Purpose: There is no standard clinical treatment protocol for supraorbital neuralgia patients who respond poorly to conservative treatment. Radiofrequency thermocoagulation, a neurologically damaging procedure, is a treatment for supraorbital neuralgia. However, assessments of its longterm efficacy are lacking. Thus, this study aimed to evaluate the long-term efficacy and safety of ultrasound-guided radiofrequency thermocoagulation for treating supraorbital neuralgia. Patients and Methods: We retrospectively reviewed our clinical database for supraorbital neuralgia patients who underwent an ultrasound-guided radiofrequency thermocoagulation procedure. Demographic data and baseline characteristics, time of onset, postoperative pain intensity, time of recurrence, subsequent treatment, complications and side effects were collected and analysed. The Kaplan-Meier estimator was used to determine recurrence-free survival. Results: A total of 53 supraorbital neuralgia patients were included in this study. All patients experienced complete pain relief within one month. The median follow-up time of the 53 patients was 36.0 months (IQR, 12.0-72.0 months). A total of 13 patients experienced pain recurrence, with a median recurrence-free time of 97 months according to the Kaplan-Meier estimator. The cumulative proportion of recurrence-free survival was 96.2% at 12 months, 88.4% at 24 months, 82.7% at 36 months, 70.0% at 48 months, 66.3% at 60 months, and 49.7% at 97 months. All but one patient with recurrent pain underwent a second or third radiofrequency thermocoagulation procedure and achieved complete pain relief. Numbness of supraorbital nerve innervation occurred in all patients. However, the numbness scores gradually decreased over time. Conclusion: Ultrasound-guided radiofrequency thermocoagulation is a safe, effective treatment for supraorbital neuralgia patients who respond poorly to conservative treatments. These patients attained excellent long-term pain relief with a gradual reduction in numbness.
Introduction
The supraorbital nerve is a purely sensory branch of the frontal nerve that comes from the ophthalmic division of the trigeminal nerve. This nerve traverses the supraorbital notch/foramen and divides into the medial and lateral branches. The supraorbital nerve, accompanied by the supraorbital artery, supplies the conjunctiva, upper eyelid, forehead, and anterior scalp up to the lambdoid suture. 1 Supraorbital neuralgia is an uncommon form of neuropathic pain. An epidemiological survey of 1838 community populations showed an incidence of 0.65%. 2 In the 2nd edition of the International Classification of Headache Disorders (ICHD-2), 3 the diagnostic criteria for supraorbital neuralgia are as follows: 1. paroxysmal or constant pain in the region of the supraorbital notch and the medial aspect of the forehead in the area supplied by the supraorbital nerve, 2. tenderness over the nerve in the supraorbital notch, and 3. pain abolished by local anaesthetic blockade or ablation of the supraorbital nerve. However, in the ICHD-3, 4 supraorbital neuralgia is no longer classified as an independent disease. In the International Classification of Diseases 11th Revision (ICD-11), 5 supraorbital neuralgia is classified as 8A85. Painful cranial neuropathies or other facial pains. Trauma or compression of the supraorbital nerve is the main aetiology of supraorbital neuralgia. 6 Supraorbital neuralgia can be induced by direct trauma or repetitive microtrauma from wearing overly tight swim goggles. [7] [8] [9] Except in cases of recovery without oral medical intervention, especially those involving post-traumatic supraorbital neuralgia, 10, 11 patients with supraorbital neuralgia should first be treated with drugs such as carbamazepine, gabapentin, and pregabalin. 7, [12] [13] [14] For some patients, supraorbital nerve block using local anaesthetics with or without glucocorticoids can provide pain relief, but multiple injections are often required. 8, 13, 15 For patients with supraorbital neuralgia who have failed to respond to conservative treatments, some neurologically damaging procedures (chemical neurolysis, 16 surgical resection of the supraorbital nerve, 17 cryoneuroablation, 18 and radiofrequency thermocoagulation 19 ) or non-destructive procedures (surgical decompression of the supraorbital nerve, 20 peripheral nerve stimulation, 21 and pulsed radiofrequency 22 ) may be alternative treatments. However, clinical research data are quite rare, and there is no general agreement regarding the standard treatment protocol for supraorbital neuralgia.
Chemical neurolytic techniques have been developed to promote longer effects compared to those of nerve blocks. However, these techniques carry a significant risk of skin sloughing and neuritis. 23 Compared with percutaneous puncture techniques, surgical decompression or resection of the supraorbital nerve and supraorbital nerve stimulation are more traumatic. Peripheral nerve stimulation can also result in more complications, including skin erosion, breakdown of the anchoring site, infection and lead migration, and it can also present a heavy economic burden for patients. A series of studies have reported that pulsed radiofrequency, a percutaneous minimally invasive treatment, can provide pain relief for patients without the side effects of neural damage. 22, [24] [25] [26] Among these reports, our previous study demonstrated that pulsed radiofrequency for the treatment of refractory supraorbital neuralgia had effective rates of 77% and 50% at one month and two years postoperatively, respectively. 22 Although side effects are rare after pulsed radiofrequency treatment, the effective rate of pulsed radiofrequency still needs improvement.
Unlike pulsed radiofrequency, radiofrequency thermocoagulation is a neurologically damaging procedure that is often used to treat trigeminal neuralgia. 27 Radiofrequency thermocoagulation has been reported as a treatment for supraorbital neuralgia; 13, 19 however, there is little literature on this subject. As a percutaneous interventional technique, radiofrequency thermocoagulation for supraorbital neuralgia is easier to perform than surgical decompression or resection and peripheral nerve stimulation; additionally, it involves less trauma and a lower cost. However, assessments of its long-term efficacy are lacking. This study aims to evaluate the long-term efficacy and safety of ultrasound-guided radiofrequency thermocoagulation for the treatment of supraorbital neuralgia (unresponsive to conservative treatment) in a relatively large case series.
Materials and Methods Patients
This study was approved by the Institutional Review Board of Beijing Tiantan Hospital affiliated with Capital Medical University and was conducted in compliance with the current version of the Declaration of Helsinki. This retrospective study involved no more than minimal risk to subjects. The data included in the analysis were all de-identified. The waiver of consent did not adversely affect the subjects' welfare and rights. The Institutional Review Board of Beijing Tiantan Hospital approved the application for a waiver of informed consent for this study. We retrospectively reviewed our clinical database for supraorbital neuralgia patients who underwent a radiofrequency thermocoagulation procedure at the Department of Pain Management, Beijing Tiantan Hospital between January 2007 and April 2018. The available follow-up data ended on May 2019. Patients who met the following criteria were eligible: 1. age>18 years; 2. diagnosis of supraorbital neuralgia according to the diagnostic criteria of the International Classification of Headache Disorders; 3. radiofrequency thermocoagulation treatment of the supraorbital nerve for supraorbital neuralgia; and 4. available follow-up data for at least one year after the procedure. The exclusion criteria were 1. supraorbital neuralgia caused by an intracranial mass and 2. incomplete medical records.
Operative Technique
The ultrasound-guided radiofrequency thermocoagulation procedure in our institution was performed as follows. Noninvasive blood pressure (taken at five-minute intervals), blood oxygen saturation and electrocardiograms were recorded routinely. The return plate of the pain management generator (PMG-230, Baylis Medical, Inc., Canada) was attached to the back skin of the patient. After the skin was prepared with an antiseptic solution, aseptic drapes were applied to the superciliary arch. Supraorbital nerve block was performed with 1% lidocaine. The high frequency linear transducer of the ultrasound device (SonoSite, Inc., USA) was prepared with a sterile sheath and aseptic ultrasound gel. The ultrasound probe was moved from the forehead caudally to locate the supraorbital notch, which is a small groove on the bony surface ( Figure 1A) . A 21-gauge radiofrequency treatment trocar needle with a 2-mm noninsulated tip (PMF-21-50-2, Baylis Medical Inc.) was used to puncture the surface and was moved towards the supraorbital notch under ultrasound guidance using an in-plane or out-of-plane approach ( Figure 1B) . When the trocar needle was inserted precisely into the supraorbital notch and negative aspiration for blood was confirmed, the stylet was removed, and the radiofrequency treatment electrode (PMK-21-50, Baylis Medical, Inc.) was inserted into the trocar. The parameters of radiofrequency thermocoagulation were set as 60°C, 75 s; 65°C, 75 s; 70°C, 75 s; 75°C, 75 s; and 80°C, 75. [28] [29] [30] [31] After the effect of the supraorbital nerve block disappeared, hypoalgesia was achieved in the innervation area of the supraorbital nerve, indicating that the nerve was ablated.
Data Collection
All data were available in a patient database that contained baseline characteristics, surgical records, and follow-up data. Patients undergoing radiofrequency thermocoagulation Figure 1 Ultrasound-guided supraorbital nerve puncture procedure. Notes: (A) An ultrasound image of the supraorbital notch (white triangle). The high frequency linear transducer was moved from the forehead caudally to locate the supraorbital notch (white triangle), which is a small groove on the bony surface; (B) ultrasonography imaging showing that the tip of the radiofrequency treatment trocar needle (white arrow) has reached the supraorbital notch (white triangle) via the out-of-plane approach.
in our department were routinely followed up at 1 month, 3 months, and 6 months after the procedure, followed by an annual follow-up for medical quality management. The pain intensity was assessed using a numeric rating scale (NRS) 32 with 0 representing no pain and 10 representing the most severe pain imaginable. Patients could also actively report their status, such as pain recurrence or other abnormalities, over the telephone or via instant messaging. Patients with pain recurrence could also go to the pain clinic of our hospital for further examination and treatment.
We began to collect data after receiving approval from the institutional review board. Eligible patients were identified according to the inclusion and exclusion criteria. Demographic data, including age, age at onset, duration of disease, and sex, and baseline characteristics of supraorbital neuralgia, including laterality, history of forehead trauma or compression, previous treatments and preoperative pain intensity, were collected. The time of onset as well as the postoperative pain intensity at 1 month, 3 months, 6 months and annually after the procedure were also collected. The initial effective rate was defined as the percentage of patients who had an NRS score less than 50% of that before treatment within one month. The time of recurrence and subsequent treatment were collected. Recurrence was defined as an NRS score greater than 50% of that before treatment without drugs.
Data regarding complications and side effects, such as swelling or ecchymosis, numbness, and anaesthesia dolorosa, were collected. The Barrow Neurological Institute (BNI) facial numbness score 33 (1: no forehead numbness; 2: mild forehead numbness, not bothersome; 3: forehead numbness, somewhat bothersome; 4: forehead numbness, very bothersome) was used to describe the symptomatic extent of forehead numbness at 1 month, 3 months, 6 months and 12 months after the procedure.
Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics software (version 25, IBM, Inc., USA). The data are reported as the mean with standard deviation, medians with interquartile ranges (IQRs), or counts and percentages according to the characteristics of the distribution. A Kaplan-Meier plot was used to present recurrencefree survival curves. For repeated measurement data, the Friedman test was used to detect changes in patient BNI facial numbness scores immediately after the procedure and at each follow-up time point. Bonferroni correction was used to correct multiple comparisons. The alpha value was set to 0.05.
Results
Between January 2007 and April 2018, a total of 63 supraorbital neuralgia patients underwent an ultrasoundguided radiofrequency thermocoagulation procedure for the supraorbital nerve in the pain clinic of Beijing Tiantan Hospital. Ten patients were excluded according to the exclusion criteria; ultimately, 53 patients who satisfied the protocol requirements were included in this study, and their medical records were collected and analysed ( Figure 2 ).
The demographic data and baseline characteristics of the supraorbital neuralgia patients are presented in Table 1 . The mean age of the patients was 65.7 ± 12.0 years, the maximum age was 84 years, and the minimum age was 40 years. The mean age at onset was 58.8 ± 12.7 years. The median duration of disease was 6.0 years (IQR, 2.0-9.5 years; range from 0.5 years to 24 years). Of the 53 patients, 34 (64.2%) were male. The disease was unilateral in all patients, and 31 cases (58.5%) were right-sided. Eleven (20.8%) patients could recall trauma to the brow bone or forehead, and nine (17.0%) patients could recall compression, such as wearing goggles for a long period, in that area. All patients failed to respond to conservative treatment, including oral medicine and nerve blockade with steroids and local anaesthetics, before ultrasoundguided radiofrequency thermocoagulation treatment. Fifteen (28.3%) patients had experienced pulsed radiofrequency treatment that was ineffective or had experienced relapse. All patients had severe pain, with a median NRS score of 8 points (IQR, 8-9 points).
All patients were completely pain free immediately after the procedure due to the effect of the nerve block with local anaesthetics. Once the effects of the local anaesthetics subsided, all the patients were examined for hypoalgesia in the supraorbital innervation area on the affected side. Forty-eight patients (90.6%) experienced an immediate significant reduction in the NRS scores after the procedure, and the dose of the preoperative drug was gradually decreased. In 5 patients (9.4%), there was no significant decrease in NRS scores immediately after the procedure, and these patients needed to continue treatment with oral analgesics. The pain began to gradually decrease at an average of 7 days (range 3 to 14 days) after the procedure. All patients achieved complete pain relief within one month (the initial effective rate was 100%) after the procedure and stopped taking drugs. The median follow-up time of the 53 patients was 36.0 months (IQR, 12.0-72.0 months). A total of 13 patients (24.5%) had pain recurrence, with a median recurrence-free time of 97 months according to the Kaplan-Meier estimator (Figure 3 ). The 13 patients experienced recurrence at 9, 12, 15, 21, 22, 36, 36, 37, 40, 47, 48, 60 , and 97 months after the procedure. The cumulative proportion of patients with recurrence-free survival was 96.2% at 12 months, 88.4% at 24 months, 82.7% at 36 months, 70.0% at 48 months, 66.3% at 60 months, and 49.7% at 97 months.
Among the patients with recurrent pain, one underwent surgical resection of the supraorbital nerve due to cardiac pacemaker insertion after the previous radiofrequency thermocoagulation procedure, which is a contraindication to radiofrequency therapy. The remaining 12 patients underwent repeated radiofrequency thermocoagulation of the supraorbital nerve. Complete pain relief was achieved in all relapsed patients, regardless of receiving either radiofrequency thermocoagulation or surgical resection. For the second radiofrequency thermocoagulation treatment, the follow-up time of patients ranged from 11 to 72 months (median, 25.5 months; IQR, 13.8-40.5 months). Four patients relapsed again and underwent a third radiofrequency thermocoagulation procedure. Pain was relieved after the third procedure. As of the last available data, these four patients were followed up for 6, 12, 24 and 36 months, and no pain recurrence was observed. Notes: A total of sixty-three supraorbital neuralgia patients underwent an ultrasound-guided radiofrequency thermocoagulation procedure. Fifty-three patients who satisfied the protocol requirements were included in this study. Thirteen patients had pain recurrence, and twelve of them received repeated radiofrequency thermocoagulation. Four of the twelve patients relapsed again, and a third radiofrequency thermocoagulation procedure was performed. The short-term postoperative complications were eyelid and eyebrow arch swelling as well as ecchymosis, all of which could disappear within 2-3 weeks. Numbness of the supraorbital nerve innervation (forehead) occurred in all patients after the procedure. The BNI facial numbness score for the supraorbital nerve innervation of the patients is shown in Figure 4 . For the BNI facial numbness score, 53 patients completed the first 6 months of follow-up, and 52 patients completed 12 months of follow-up (one patient relapsed 9 months after the procedure and was retreated with radiofrequency thermocoagulation). Out of all 53 patients, 92.5% had a BNI facial numbness score of 3 or 4 points immediately after the procedure, and the score was 81.1% at 1 month after the procedure. The numbness scores gradually decreased over time. However, of the 52 patients who completed the 12-month follow-up, 22 (42.3%) and 3 (5.6%) patients complained of numbness with scores of 3 and 4 points, respectively, at one year after the procedure. BNI facial numbness score data from 52 patients who completed the 12-month follow-up were included in the Friedman test. The numbness scores at 6 and 12 months after the procedure were significantly different from those immediately and 1 month after the procedure; the numbness scores at 12 months after the procedure were also significantly different from those 3 months after the procedure according to the Friedman test (n=52, Bonferroni corrected α=0.05/10). No patients reported anaesthesia dolorosa. There were no serious adverse events, such as corneal injury, keratitis, blindness, or infection.
Discussion
As the current study shows, ultrasound-guided radiofrequency thermocoagulation for supraorbital neuralgia can provide a promising pain relief effect with an initial effective rate of 100%. Ducic et al reported a series of six patients who underwent surgical resection of the supraorbital nerve, and five patients exhibited satisfactory pain relief. 17 The high initial effective rate of radiofrequency thermocoagulation in this study seems to be consistent with surgical resection since these techniques are neurologically damaging procedures that can attain analgesic effects by blocking the transmission of pain. However, radiofrequency thermocoagulation is easier to perform and causes less trauma than surgical resection. For the non-destructive procedure, we previously reported that the initial effective rate of pulsed radiofrequency for supraorbital neuralgia was 77%. 22 Amin et al reported a case series of peripheral nerve stimulation in which 16 patients underwent a trial of supraorbital peripheral nerve stimulation and 11 patients reported an improvement in pain. 21 Compared with non-destructive procedures, such as pulsed radiofrequency or peripheral nerve stimulation, radiofrequency thermocoagulation achieves a better initial effective rate. Surgical decompression is another nondestructive procedure. In a case series study, pain was successfully relieved in a total of 5 patients with supraorbital neuralgia after supraorbital nerve decompression. 20 However, little quantitative analysis of the efficacy of the decompression procedure is available. We assume that the high initial effective rate of radiofrequency thermocoagulation for supraorbital neuralgia observed in our study might be attributable to the ultrasound-guided percutaneous approach used. This visualization technique ensures the accuracy of the puncture position. Moreover, for a small number of patients in our study, satisfactory effects Figure 4 The BNI facial numbness score for the supraorbital nerve innervation. Notes: Regarding the BNI facial numbness score, 53 patients completed the first 6 months of follow-up, and 52 patients completed 12 months of follow-up (one patient relapsed 9 months after the procedure and was retreated with radiofrequency thermocoagulation). The Friedman test was performed in 52 patients who completed the one-year follow-up. Bonferroni correction was used to correct multiple comparisons. The numbness scores at 6 and 12 months after the procedure were significantly different from those immediately and 1 month after the procedure; the numbness scores at 12 months after the procedure were also significantly different from those 3 months after the procedure. *P<0.05/ 10=0.005. X-axis: follow-up time after procedure (months); Y-axis: number of patients.
could not be achieved immediately after the treatment, suggesting that a short recovery period may be needed. The reason for the delayed effect may be related to the local puncture and heat damage. Therefore, in clinical practice, patients with unsatisfactory pain relief after radiofrequency thermocoagulation for supraorbital neuralgia should continue to be treated with drugs for a period and should choose other treatments after confirming that the radiofrequency thermocoagulation procedure was ineffective.
We collected long-term follow-up data for supraorbital neuralgia patients treated using radiofrequency thermocoagulation. The median follow-up duration of this case series was 36.0 months. Govind et al noted that unlike radiofrequency thermocoagulation for trigeminal neuralgia, which damages the cell bodies in the ganglion, pain might be more likely to recur with radiofrequency thermocoagulation for supraorbital neuralgia as the nerve could regenerate after peripheral nerve ablation in theory. 34 Nevertheless, in our case series, radiofrequency thermocoagulation for supraorbital neuralgia maintained longterm pain relief. The median recurrence-free time was 97 months. In our previous report, for all 22 supraorbital neuralgia patients receiving pulsed radiofrequency treatment, the overall effective rate at two years postoperatively decreased to 50%, and 6 of 17 patients relapsed within two years. 22 In addition, Sjaastad et al performed surgical decompression on 5 cases, and two patients relapsed within two years after surgery. 20 However, for the ultrasound-guided radiofrequency thermocoagulation procedure used in this study, the cumulative proportion of recurrence-free survival was 88.4% at 2 years after the procedure. This discrepancy could be attributable to the different mechanisms of treatment. Perhaps this neurological damage could provide longer pain relief. Of course, prospective randomized controlled studies are still needed to obtain a higher level of evidence.
Moreover, radiofrequency thermocoagulation can be performed repeatedly after pain recurrence. 34 In this study, all patients with pain recurrence who underwent a second or third radiofrequency thermocoagulation procedure still achieved complete pain relief. Although accurately assessing the periods of pain relief after repeated procedures for insufficient numbers of patients is difficult, it did not appear to have a significantly diminishing effect. The pain relief duration of supraorbital nerve radiofrequency thermocoagulation and the effect of repeated treatments require further evaluation.
Accurate localization of the supraorbital nerve is the key point to ensure the therapeutic effects of radiofrequency thermocoagulation. In our study, all radiofrequency thermocoagulation procedures were performed under ultrasound guidance; therefore, the accuracy of puncture reached 100%. Ultrasonography is a simple, noninvasive tool with no ionizing radiation that indirectly locates the supraorbital nerve by showing the hypoechoic break in the bony surface and the supraorbital artery, thus guiding the radiofrequency treatment trocar needle to approach the supraorbital nerve and avoiding damage to surrounding tissue, such as the eyeball. 22, 35 The accuracy of ultrasound-guided blocks of the supraorbital and infraorbital nerves is greater than that of landmark-based techniques, according to a cadaveric study. 36 Ultrasonography may also detect nerve entrapment. 37 Although the supraorbital nerve is well positioned by the supraorbital notch in most cases, some patients may have anatomical variations in the supraorbital structures. 38 Therefore, the detection of possible anatomical variations by ultrasound is of great significance to improve the therapeutic efficiency of radiofrequency thermocoagulation.
Only mild and short-term recoverable swelling and ecchymosis occurred after the procedure. The results of this study indicate that ultrasound-guided radiofrequency thermocoagulation of the supraorbital nerve is a safe procedure with minimal side effects. This result is consistent with that of other percutaneous techniques for the treatment of supraorbital neuralgia. 18, 22, 35, 39 The most important and predictable side effect is numbness, which is caused by the disconnection of the supraorbital nerve. The degree of numbness will gradually decrease over time. However, a considerable number of patients still have numbness one year after the procedure. We speculate that the decrease in the BNI facial numbness score may be due to the patient's adaptation to numbness or to potential nerve repair. There is a lack of objective assessments of nerve damage and repair in this study. A prospective study is needed to explore the relationship between a reduced BNI facial numbness score and relapse. This issue is a limitation of radiofrequency thermocoagulation and may be the reason why some patients are reluctant to receive this therapy. In contrast, non-destructive procedures, such as pulsed radiofrequency, peripheral nerve stimulation and surgical decompression, do not cause numbness in the forehead. [20] [21] [22] [40] [41] [42] Therefore, as a minimally invasive percutaneous interventional technique, non-destructive pulsed radiofrequency can be a treatment option before radiofrequency thermocoagulation treatment. However, this strategy will also increase the risk of surgery and medical costs. Pulsed radiofrequency combined with radiofrequency thermocoagulation at a lower temperature may also be a treatment with maximum efficacy and minimum side effects. 43, 44 Thus, the optimal strategy for supraorbital neuralgia remains to be further explored.
This study has several limitations. First, this is a case series report without a control group; therefore, the evidence and conclusions of this study are not strong. Second, retrospective studies and the inclusion of patients over a large time span may lead to potential bias; for example, the diagnostic criteria may not be uniform. Third, because the incidence of supraorbital neuralgia is low and most patients do not need to undergo a destructive procedure, the sample size of this study is small, and its statistical power may be insufficient. Fourth, the data were collected during routine clinical follow-up, and the frequency of follow-up was low. Thus, the follow-up may have been inadequate for detecting pain recurrence in time. Fifth, the evaluation of pain in the study was based solely on the NRS and lacked objective evaluation indicators such as pain-related evoked potentials. Sixth, the BNI facial numbness score is used to evaluate the trigeminal neuralgia treatment procedure, not the supraorbital neuralgia treatment. This study lacked an objective assessment of numbness and nerve repair. Moreover, the assessment was limited to 12 months after the procedure, which was not long enough to explain the relationship between decreased BNI facial numbness score and pain recurrence. Seventh, our study included patients with either traumatic or nontraumatic supraorbital neuralgia who may have had different responses to radiofrequency thermocoagulation.
Conclusion
This study indicates that ultrasound-guided radiofrequency thermocoagulation is an effective and safe treatment for supraorbital neuralgia patients who fail to respond to conventional therapies such as oral medicine, nerve blockade or pulsed radiofrequency. Radiofrequency thermocoagulation can be performed repeatedly after recurrence, and repeated radiofrequency thermocoagulation treatment is still effective. The most important and predictable side effect is numbness in the forehead, but this postoperative numbness can gradually decrease. Prospective, randomized, controlled clinical studies are necessary to provide higher levels of evidence regarding the efficacy and safety of ultrasound-guided radiofrequency thermocoagulation for the treatment of supraorbital neuralgia patients who respond poorly to conservative treatments.
